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Metabolic syndrome is a combination of some disorders and risk factors related to cardiovascular disease and diabetes.\[[@ref1][@ref2][@ref3]\] Over the past two decades, different definitions have been proposed for metabolic syndrome.\[[@ref4]\] A harmonized definition was published in 2009 by several associations and foundations including International Diabetes Federation (IDF), National Heart, Lung, and Blood Institute, American Heart Association, World Heart Federation, International Atherosclerosis Society, and International Association for the Study of Obesity. This definition contained several factors including the high levels of glucose and triglycerides (TG) and decreased level of high-density lipoprotein cholesterol (HDL) along with high blood pressure (BP) and obesity, particularly central obesity.\[[@ref5]\] It is estimated that about 20%--25% of adults in the world are affected by metabolic syndrome.\[[@ref6]\]

Historically, some foods and herbs have been used in the prevention, management, and treatment of diseases and related health problems. Saffron (*Crocus sativus* L.) is a valuable native plant in Iran, especially in Southern Khorasan Province. The stigma of saffron has been widely used as a spice, medicinal plant, and food additive in Iran and other countries. Furthermore, it is used in traditional medicine for treatment of several disorders as antidepressant, sedative, antispasmodic, respiratory decongestant, expectorant, diaphoretic, aphrodisiac, and emmenagogue.\[[@ref7][@ref8][@ref9]\] The three major components responsible for the value of saffron are crocin, picrocrocin, and safranal.\[[@ref9][@ref10]\] Several animal and human studies were performed to determine the effects of saffron extracts on various kinds of diseases.\[[@ref11][@ref12][@ref13][@ref14][@ref15]\] Studies on the effects of saffron extracts on some of the components of metabolic syndrome (hypertension and dyslipidemia) in animals (rats) also have been reported.\[[@ref12][@ref16][@ref17][@ref18][@ref19]\] Modaghegh *et al*. and Mohamadpour *et al*. evaluated the effects of saffron (*C. sativus*) tablets in healthy volunteers.\[[@ref20][@ref21]\] They showed that saffron tablets may change some hematological and biochemical parameters. However, these alterations were in normal ranges.

Xi *et al*. studied the effect of crocetin (as crocin) on insulin resistance and its related abnormalities induced by high-fructose diet in male Wistar rats. Compared to the controlled rats fed on normal laboratory diet, fructose-fed rats developed a series of pathological changes including insulin resistance, hyperinsulinemia, dyslipidemia, and hypertension. These disorders were effectively normalized in crocetin-treated rats.\[[@ref22]\]

The aim of this trial was to evaluate the efficacy of crocin tablets on metabolic syndrome patients.
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This double-blind, randomized placebo-controlled clinical trial was conducted between March 2010 and March 2011 on patients referred to Cardiac Outpatient Cardiology Clinic of Birjand University of Medical Sciences. The trial was registered at the Iranian Registry of Clinical trial with the IRCT2016112617756N11.

All patients were provided written informed consent. The eligible participants were individuals with metabolic syndrome defined by the IDF as central obesity (waist circumference \>94 and 80 cm in men and women, respectively) plus any two of the following: reduced HDL cholesterol (\<40 and 50 mg/dL in men and women, respectively), previously diagnosed type II diabetes or raised fasting blood sugar (FBS) (≥100 mg/dL), treatment of previously diagnosed hypertension or raised BP (systolic BP ≥130 mmHg or diastolic BP ≥85 mmHg), raised TG level (≥150 mg/dL), or specific treatment for hypertriglyceridemia.\[[@ref5]\] The exclusion criteria were any history of cardiac, pulmonary, hepatic, gastrointestinal, neurologic, psychiatric, or renal disease. Furthermore, pregnant women were excluded from the study. Sixty adult outpatients who met the inclusion criteria participated in the trial.

Stigmas of *C. sativus* L. by Novin Zaferan Co. (collected from Ghaen, South Khorasan province, East of Iran) was obtained and analyzed in accordance with the ISO/TS 3632-2). The crocin tablets were prepared as follow: at first, an aqueous saffron extract was made using the modified method by Hadizadeh *et al*.\[[@ref23]\] The extract was standardized by crocin using method defined by Hosseinzadeh *et al*.,\[[@ref11]\] and crocin content of saffron extract was measured 19.7 (\~20) mg/100 mg of saffron extract. Hence, each crocin tablet was prepared with 100 mg of crocin. In addition, the placebo, tablets were similar in size and color to the crocin tablets.

According to this method to quantify crocin in an aqueous saffron extract, a modified method was used (Sujata *et al*., 1992; Hadizadeh *et al*., 2007). The extract of authentic stigmata was passed through a 0.2 μm Millipore filter (Millipore, Bedford, MA, USA) and eluted with 100% methanol. This quantification was carried out by Shimadzu HPLC LC-10ADvp system integrated with a Shimadzu SCL-10Avp system controller and a SPD-10Avp ultraviolet--visible spectrophotometric on a reversed-phase Shim-pack C18, VP-ODS analytical column (25 cm × 4.6 mm I.D. with a 12.0 ± 1.0 nm pore size and 4.6 ± 0.3 μm particle size), using an isocratic mobile phase of acetonitrile: water (76:24) at a flow rate of 1.2 ml/min. A Rheodyne Shimadzu Model 7725i injector was used to inject 25 μl of the sample from a 25 μl Hamilton straight-edge needle syringe onto the column. All data were recorded and analyzed on a chromatography workstation using Shimadzu Class-VP™ 6.10 software.

After producing saffron extract, pure crocin powder was extracted by the adept in charge in Booali research center affiliated with Mashhad University of Medical Sciences. Then, tablets 1 cm in diameter, 3 mm in thickness, and weighing 400 ± 20 mg each consisting of 20% crocin and 80% starch excipient were manufactured, and an industrial pharmacist carried out quality tests on them. Besides, placebos which had all the face value of the real tablets were made using starch and artificial coloring specific number of the tablets (both real ones and placebos) were packed up considering the number of the days they were to be taken.

All the boxes were numbered so that all even numbers contained real tablets and all odd numbers had placebos, so the study was blinded for two groups. All tablets (real ones and placebos) were kept in a cool place which was not exposed to light.

All participants underwent a clinical evaluation including standard diagnostic interview and medical history. Height and weight were measured according to a standard protocol by a trained health-care professional with participants wearing lightweight clothing and no shoes using a Seca 200 scale with attached stadiometer (Seca, Hamburg, Germany). Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in meters. Waist, hip, and thigh circumferences were measured using a standard tape measure, and the waist-to-hip ratio and the waist-to-thigh ratio were calculated to obtain the anthropometric indices for the pattern of body fat distribution. A mercury sphygmomanometer (Rudolf Riester GmbH and Co. Jungingen, Germany) was used to measure the BP with the participant sitting and after 10 min of rest. A blood sample was taken after 12 h overnight fasting and sent to laboratory for the measurement of FBS, serum lipids including TG, total cholesterol (Chol), HDL, and low-density lipoprotein (LDL). All measurements and laboratory tests were recorded at the onset of the study and after 6 weeks of intervention. Participants were requested to have no change in their lifestyle patterns during the study period.

All participants were randomized to receive 42 tablets of crocin or placebo (one tablet per day) using a computer-generated code. They were assessed at baseline and at the end of 6 weeks from medication started. Throughout the study, the person who assessed the participants and patients were blind to assignments.

Descriptive statistics include frequency distribution tables and mean ± standard deviation were generated with the SPSS version 15 (SPSS, Chicago, Illinois, USA) statistical software. A Chi-square or Fisher\'s exact test was used to compare categorical variables. Paired *t*-test (Wilcoxon signed-rank test) was used to analyze changes in parametric data before and after the intervention in the same group, and independent *t*-test (Mann--Whitney U-test) was used to compare between mean changes in two groups. The statistical significance level was defined as *P* ≤ 0.05.
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Of the sixty included patients, 48 (24 in intervention and 24 in control group) completed the study. The number of dropouts was six in each group because they have not completed the period of treatment. The mean age of participants was 53.8 ± 9.2 and 50.9 ± 8.8 in intervention and control group, respectively. There were 21 (80.8%) and 20 (76.9%) women among the intervention and control groups, respectively. There was no significant difference between two groups with regard to basic demographic data including age and sex. Furthermore, no significant differences were found between two groups in baseline characteristics including laboratory data, BP, and anthropometric measurements.

The changes of measurements at the endpoint compared to baseline were analyzed with paired t-test and showed a significant reduction in Chol and TG levels among crocin group. Furthermore, a significant reduction in Chol was found among placebo group after 6 weeks \[[Table 1](#T1){ref-type="table"}\]. There was no complication or side effect that could be related to the treatment with crocin tablets.
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Our findings indicated that crocin tablet consumption (\~100 mg/day for 6 weeks) may change some laboratory parameters in patients with metabolic syndrome. Although the decrease in lipid profile including Chol and TG levels was significant after the trial, the reductions were nonsignificant when compared with placebo group. A clinical trial by Modaghegh *et al*. was conducted on thirty healthy volunteers in three groups of placebo, 200, and 400 mg saffron tablets for 7 days.\[[@ref20]\] Similarly, they found no change in lipid profile after administration of saffron tablets. In another study by Zheng *et al*. on experimental hyperlipidemic animals, although the levels of plasma lipids remained unchanged after administration of saffron, there was a significant reduction in the progression of atherosclerosis and LDL oxidation.\[[@ref18]\] However, some other animal studies reported the antilipidemic effect of saffron extract. In a study by Sheng *et al*. showed that the absorption of fat and cholesterol can be inhibited by crocin which was closely related to the hydrolysis of fat. Furthermore, they found that crocin raised the fecal excretion of fat and cholesterol in rats.\[[@ref16]\] Furthermore, He *et al*. demonstrated that after 9 weeks of saffron consumption, the serum levels of Chol, TG, and LDL were decreased and the formation of aortic plaque was prevented.\[[@ref19]\] These finding were more distinguished besides the elevation of HDL levels in Xu\'s study after 2-month treatment with saffron in rats.\[[@ref17]\]

Our study found no change in BP after the administration of \~100 mg crocin for 6 weeks. However, some animal studies demonstrated the antihypertensive effect of saffron in a dose-dependent manner. So that intravenous administration of aqueous saffron extract in rats as 200 mg/kg of crocin, 10 and 1 mg/kg of safranal reduced the mean arterial pressure about 51, 60, and 51 mmHg, respectively. They concluded that the aqueous extract of saffron stigma has hypotensive properties, which appear to be attributable, in part, to the actions of two major constitutes of this plant, crocin and safranal.\[[@ref12]\] Furthermore, in Modaghegh\'s *et al*. study on healthy volunteers, a higher dose of saffron compared with a lower dose (400 vs. 200 mg) significantly reduced the systolic BP as well as mean arterial pressure.\[[@ref20]\]

In this study, we did not find significant change on BMI and abdominal obesity after the 6-week administration of \~100 mg crocin. Although research on the relationship between body weight and saffron is currently not conclusive, there are several theories about the relationship between overweight/obesity and metabolic disorders with saffron antioxidant properties. Gout *et al*. study results showed that the extract of saffron capsules reinforces the sense of satiety and weight loss of sixty overweight women. In this case--control study within 2 months, a significant reduction observed in snaked-food consumption and weight compared with controls.\[[@ref24]\] Several studies have shown that ethanol extract of saffron reduces body weight in rats. However, loss of appetite due to saffron therapy showed clinical problems and side effects.\[[@ref25]\] Similar studies showed that taking two capsules of saffron per day (176.5 mg/day) without restrictions on food consumption for 2 consecutive months show a significant reduction in snaked-food consumption and weight loss in the intervention group.\[[@ref24]\] Despite the lack of reliable sources about the effects of saffron on weight loss, current knowledge about the properties of saffron showed that saffron at least has a beneficial effect on reducing the risk of obesity and overweight, although there are few studies about its clinical potential properties.\[[@ref26]\] Studies have shown that saffron and its active components have significant effects on obesity in animals and humans. In Mashmoul *et al*. animal study, saffron extract (40 and 80 mg/kg) showed a significant increase on food intake in obese rats. In addition, crocin significantly reduces the rate of weight gain.\[[@ref27]\] According to various researches, antiobesity effect of saffron and its active components is as mild to moderate.\[[@ref28]\] Kermani *et al*. studied the effect of saffron supplements in patients with metabolic syndrome. The results of this study showed that saffron can modulate balance on prooxidant--antiprooxidant in subjects with metabolic syndrome.\[[@ref29]\]

The present study indicated that the dose of about 100 mg crocin was well tolerated and has no complication for 6 weeks of oral administration. However, the dosage used in our study had no effect on the components of the metabolic syndrome. It may be due to quantity of saffron consumed in our study or duration of consumption. Therefore, it is suggested that further studies are conducted regarding the higher dosages of saffron as well as long-time effects of its administration on metabolic syndrome patients. Since our patients would be at least three components of the metabolic syndrome, our sample was low. Confounding factors such as dietary intake and physical activity can have an impact on the results, while we were unable to adjust them. This is one of the limitations of this study.
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